The Telecommunications Information Networking Architecture (TINA) Consortium, is designing a common software architecture, which allows providers to build, deliver and manage new multimedia services quickly and easily. This article concentrates on the task carried out by a European project of implementing a pan-European TINA based service management platform. While simple services have been created at the beginning of the project, more advanced multimedia services are now being implemented, such as audio/video conferencing. This article presents the status of the implementation and discusses interoperability issues.
Introduction
Telecommunication companies are trying to expand their range of services by becoming involved in new business areas like the Internet and multimedia. In this fast moving arena, new technology is emerging on a virtually daily basis. This is putting a lot of pressure on telecommunication companies to deploy new services quickly and to keep up with customer expectations. The rapid introduction of new services cannot be done very easily with most existing telecom networks and systems. A new architecture, the Telecommunications Information Networking Architecture (TINA) is being developed to address this need. This architecture, includes generic software components which can be reused and interoperate across platform. This also includes a service management platform which promotes the reuse of generic software components thus quicker service creation.
This article describes the status of the work being carried out in a European collaborative project (EURESCOM P715 1 , "EURESCOM Services Platform") in which six partners: British Telecommunications plc (BT), Deutsche Telekom AG (DT), France Telecom (FT), FINNET Group (AF), KPN-Royal PTT Netherlands N.V. (NL) and Telecom Eireann(TI) are attempting to realise the goal of implementing a set of TINA based platforms which will run end user services and fully interoperate. The project uses state of the art distributed object technology which is described in this article.
TINA
The Telecommunications Information Networking Architecture (TINA) 2 is a software architecture for the provision of telecommunication and information services.
The TINA architecture has a number of parts one of which is the definition of a business model. The business model breaks down the business world into roles -activities that businesses can engage in. These include: Consumers, Retailers and Service Providers. In this model a Consumer (sometimes termed an End User) uses a terminal such as a PC to contact a Retailer for any service which is desired (for example a video on demand service, electronic shopping or to set up a video conference). The Retailer is responsible for providing the service which may be obtained from a Third Party Service Provider. A Consumer will subscribe to the services he or she desires and on contacting the Retailer, the subscribed services are listed and the required service is selected. As new services are offered by the Retailer, these can be subscribed to if wanted by the Consumer. In the architecture, business domains interact at standard reference points. These reference points are an extremely important part of the TINA architecture and are being carefully specified. The reference point between the Consumer and the Retailer needs to be standardised to enable Consumers to select any Retailer of their choice, to have the option of using more than one Retailer at a time, and to move to another Retailer at some future time. The reference points comprise a set of interfaces that support the interactions which take place between the two domains. The software language, Interface Definition Language (IDL), is used to specify these interfaces. The reference point between the Consumer and the Retailer (known as "Ret") 3, 5 describes the interactions which can take place between the Consumer and the Retailer (see Figure 1) .
TINA assumes the use of a Distributed Processing Environment (DPE), which allows objects to communicate on a global scale using an "object bus". This means that control and management functions of the services offered can be conveniently placed anywhere in the network.
The main focus of this work has been the implementation of a set of service management platforms based on the TINA specifications contained in the Ret Reference point. Each partner in the project has implemented a service management platform at their own site using an agreed subset of these specifications. Two major objectives of the project are to test the applicability of the platforms in providing new services and to test interoperability between the platforms.
Service Management Platform

Introduction
The TINA service architecture defines a set of concepts and principles for the design, implementation, usage and operation of telecommunications services. Services are based on sessions. A session provides a context for all processes involved in the provision of a service instance for a certain duration. TINA has defined several kinds of session including an Access Session and Usage (sometimes called Service) Session. The Ret reference point is separated into an Access part (Ret Access) and a Usage part (Ret Usage).
Access
The Access part is mandatory for achieving interoperability between a Consumer and a number of Retailers 3 . The aims of the Access part of Ret are to initiate a dialogue between the consumer and the retailer, establish a secure association, exchange domain information to make sure that the appropriate equipment and software are available for using services, and to allow services to be requested according to a subscription contract.
Usage
The primary aim of the Usage part of Ret is to allow the end user to use any selected service. TINA defines Usage session interfaces and components that support the TINA session model, but use of this session model (and the interfaces) is optional.
Overall Architecture
Now we take a closer look at the Consumer and Retailer implementations. The implementations are object-oriented, following the TINA approach. Figure 2 shows the overview of the main Consumer and Retailer components together with their interfaces. The Provider Agent (PA) component is the contact point of the Retailer within the Consumer Domain and is used, for example, for the delivery of invitations to join a service session. This component also has a user interface and is used by the Consumer to browse the available services and gain access to them.
The Initial Agent (IA) component is the contact point of the Consumer within the Retailer domain, and is responsible for authentication and establishment of an access session. This component can be regarded as the entry point to the TINA system. TINA allows both named and anonymous access, but we assume here that a Consumer will have a user account before accessing a particular Retailer. Once an access session has been established, the User Agent (UA) component is contacted by the Consumer within the Retailer domain. The UA represents a single user in the Retailer domain and is of the right granularity to deal with the details of individual user accounts, such as preferences and subscriptions. The User Application (UAP) is a service-specific component which executes in the Consumer domain. It is the front-end of a distributed application (e.g. a video conferencing service) which also offers a user interface to control the service.
The Session Manager Components are used to manage a session of a particular service. Initially we have implemented very simple user applications such as the game Connect 4, a shared whiteboard and a chat service. These were chosen just to test interoperability between the partners. We have also implemented some technically more demanding and richer services which require the use of multimedia streams. An example is discussed later in this article. Since we are reusing the software components, it is easier to develop new services.
The operating systems used within the project were UNIX, Windows 95 and Windows NT. To allow service components (UAPs) to be downloaded over the network we have used Java. This led to the use of the Java ORBS (OrbixWeb and Visibroker for Java) in our Consumer implementations.
Implementation Issues
Interoperability between ORBs is based on a standard protocol which uses a TCP/IP transport. We use TCP/IP over ISDN2 in a star network (see Figure 3) for communication between the various sites. 
Interoperability Testing Procedure
One of our primary project goals was to enable any Consumer to contact any Retailer and be able to download and use a service. To test this, we identified two related
Results
The service-specific components, including the UAP, were not standardised in this work. This was to allow existing services to be offered within a common access framework. The UAP originates in the Retailer domain and is unrelated to the PA. The PA and UAP need to communicate for correct initialisation and basic service control and this requires standard interfaces. These were not part of the Ret specification. We have now specified and implemented a new set of simple interfaces between the PA and the UAP to support our scenarios 9 .
Basic CORBA interoperability worked well, with a few specific problems between some pairs of ORBs: The general conclusion from this phase of the work is that the TINA Ret specification contains a sound basis for interoperability between Consumer and Retailer roles. However, interfaces between user domain components (PA) and the user application (UAP), which originates in the provider, must also be standardised if interoperable service usage is to be achieved.
An end-user service
This project has been developing a number of services which will be integrated into the service management platform. These include an audio/video conferencing application requiring media stream control. Initially we have taken commercially available video conferencing software and modified it to allow point-to-point conferencing that complies with H.320 6 and H.323 7 protocols, therefore supporting both ISDN and TCP/IP as the stream transport mechanism.
The OMG A/V Streams specification 8 has been followed during the design and implementation phases, which means that the software will run on any CORBA compliant DPE.
OMG Stream Binding
Our implementation relies on the Proshare Business Conferencing System from Intel and runs on Windows platforms. The CoolORB from Chorus Systèmes was used to build the DPE. All components were written with Microsoft Visual C++ and used the Proshare Developers' Kit.
The OMG A/V Streams specification defines a set of CORBA objects:
• The Multimedia Device is a representation of the hardware installed on a particular machine, e.g. video camera, loudspeaker and microphone.
• The Virtual Device is created by the Multimedia Device, and is responsible for Quality of Service (QoS) negotiation between the two end points of the stream flow. Object references for all relevant objects, are registered in a CORBA Naming Service. When the conferencing application is started on a client machine by a user requesting the video conferencing service, the software creates an associated Multimedia Device, which will register with the Naming Service. Three different naming contexts are available for Multimedia Devices to be registered, depending on whether they support H.320 (ISDN-based conferencing), H.323 (TCP/IP-based conferencing) or both.
A control application with a Graphical User Interface (GUI), shown in figure 4, is used to present the list of available clients (i.e. users) retrieved from the Naming Service along with the protocols they support. The user can then select two clients to be bound to each other i.e. the two parties wishing to participate in a video conference. The user is also given the option of choosing the bandwidth to be allocated on the network for the service (from 28.8 Kb/s to 400 Kb/s, when the H.323 protocol is being used). In case insufficient bandwidth is available on the network, it is possible to set up an audio-only conference.
Once the user has requested the binding to take place, the control application retrieves the reference to the Stream Control Factory from the Naming Server.
The Stream Control Factory is then instructed by the control application to create a Stream Control object. This object is created only when necessary, and is used for one conference only, after which it is destroyed. The sequence of operations, as described above, is shown in figure 5.
Integration in the platform
In order to integrate this conferencing application into the Service Management platform, we have developed some additional components. The UAP is responsible for retrieving the reference to the Multimedia Device from the Naming Service and for passing it to the Session Manager Component(s). As soon as the Retailer receives the references of two Multimedia Devices, it can proceed with the binding. The Retailer plays the same role as the control application in the standalone prototype. The whole architecture is depicted in the diagram above ( Figure 6 ):
Future work in this area includes extension of the prototype to support multiparty conferences by means of an H.323 Multipoint Control Unit.
Conclusions
We have used a subset of the TINA reference point specifications to implement a number of interoperable service management platforms. We have shown, for the first time, that these federated pan-European platforms can be used for the rapid introduction of new services with the help of component technology. However, some additions to the TINA specifications were needed to support interworking. CORBA interoperability was found to be generally adequate except in its interaction with Web browsers where Java security issues demonstrate a lack of maturity. The platform successfully supports a range of end user services the most advanced of which includes a videoconferencing application implemented according to the Object Management Group specifications.
